Introduction {#s1}
============

Postprandial hyperinsulinemia causes various metabolic disorders, more so than fasting hyperinsulinemia, in early or mild obesity or metabolic syndrome. Many studies have reported that the postprandial delayed superfluous insulin secretion is related to arteriosclerosis in adulthood obesity ([@r1], [@r2]). Kendorick *et al.* argued that insulin resistance appears to be a causal factor for the development of early occlusive atherosclerosis and proposed that postprandial insulin resistance, in association with raised levels of cortisol and catecholamines, plays a major role, and may even be the primary causative factor([@r3]). Kawamori *et al.* reported that the intimal plus medial thickness was found to be increased in hyperinsulinemic individuals with impaired glucose tolerance compared with control individuals with normal glucose tolerance. These studies argue in favor of a link between insulin resistance and arteriosclerosis, as fasting and postprandial hyperinsulinemia are largely determined by the severity of insulin resistance in nondiabetic obese adults ([@r4]).

In regard to childhood obesity, Burrows reported that low insulin sensitivity in prepubescent and pubescent obese children is associated with central obesity and a higher cardiovascular risk ([@r5]). However, few studies have reported on the relation between postprandial hyperinsulinemia and metabolic disorders in obese children.

Thus, the present study sought to clarify the relation between postprandial hyperinsulinemia and metabolic disorders in obese children. Using the oral glucose tolerance test (OGTT), we investigated how insulin secretion patterns are related to metabolic disorders in obese Japanese children with the hope that the results of this study would contribute to understanding the role that postprandial hyperinsulinemia plays in metabolic disorders of childhood obesity.

Subjects and Methods {#s2}
====================

This study examined 28 obese Japanese children (16 boys, 12 girls; aged 8.8--16.2 yr) who visited the Department of Pediatrics, Shonai Hospital. No subjects had known endocrine disorders or diabetes. Body height and weight were measured with a portable stadiometer and a digital scale to the nearest 1 mm and 0.1 kg, respectively. Percentage of overweight (POW) was calculated by using age- and sex-specific body weight for height of Japanese children ([@r6]); POW = \[measured body weight -- standard body weight\] / standard body weight.

An OGTT (glucose load of 1.75 g/kg, maximum 75 g) was carried out for all subjects. The levels of PG, serum immune-reactive insulin (IRI) and serum C-peptide (CPR) at preloading (0) and at 60, 120 and 180 min after loading were measured, and areas under the concentration-time curves from 0 to 180 min were calculated. The levels of alanine aminotransferase (ALT), total cholesterol (Tchol), triglyceride (TG), high density lipoprotein cholesterol (HDL-C) and hemoglobin A1c (HbA1c) were also measured.

We then compared the PG, IRI and CPR levels during the OGTT of the subjects with those of healthy children ([@r7], [@r8]). The subjects were divided into four groups: Group A, which was comprised of subjects without impaired liver function and dyslipidemia; Group B, which was comprised of subjects with only impaired liver function; Group C, which was comprised of subjects with only dyslipidemia; and Group D, was comprised of subjects with both impaired liver function and dyslipidemia. Impaired liver function was defined as an ATL level \>31 IU/L, and dyslipidemia was defined as a TG level \>120 IU/L and/or a HDL-C level \<40 mg/dl.

Informed consent was obtained from the parents and guardians of all subjects. The Ethics Committee of the Shonai Hospital approved the study protocol.

Statistical analysis was performed by Mann-Whitney's U-test to determine differences between two groups and by the Kruskal-Wallis test to determine differences between the four groups. P values less than 0.05 were considered significant. Stat View for Windows (version 5.0; Abacus Concepts, Berkeley, CA, USA) was used for data analysis.

Results {#s3}
=======

The clinical characteristics of the obese subjects in this study are shown in [Table 1](#tbl_001){ref-type="table"}Table 1 Physical characteristics and biochemical parameters by sex in 28 obese children. The mean ALT level was significantly higher for boys than girls (p=0.0071), but there were no significant differences in other laboratory findings between the two groups. The mean fasting PG level of the obese subjects was 92.6 ± 5.9 mg/dl, and the mean PG level and range for 120 min were 129.0 ± 17.4 mg/dl and 101--182 mg/dl, respectively. None of the obese children showed impaired fasting glucose (IFG) or diabetes. Their mean fasting insulin level was 25.4 ± 13.9 µU/ml, which was higher than the reference value (15 µU/ml) for Japanese children ([@r9]).

Comparison of PG, IRI and CPR levels during the OGTT between obese and healthy children
---------------------------------------------------------------------------------------

The levels of PG, IRI and CPR during the OGTT are shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1PG, IRI, and CPR responses during an OGTT in obese children (A, B, and C) and healthy children (D, E, and F). The data for the healthy children were taken from Ohki *et al.*([@r6]) and Tsunoda *et al.* ([@r7]). The plus signs and asterisks indicate significant differences (p\<0.05 and p\<0.01, respectively). ([@r7], [@r8]). The PG levels at preloading and 120 min were significantly higher in the obese children than in the healthy children. Levels of IRI and CPR at preloading and at 60, 120 and 180 min were also significantly higher in the obese children than in the healthy children. Furthermore, the IRI and CPR levels both peaked at 60 min in the healthy children but at 120 min in the obese children. Thus, obese children had superfluous insulin secretion during the OGTT.

Comparison of PG, IRI and CPR levels during the OGTT between the four groups divided by metabolic disorder
----------------------------------------------------------------------------------------------------------

The clinical characteristics of each group are summarized in [Table 2](#tbl_002){ref-type="table"}Table 2 Physical characteristics and biochemical parameters by metabolic disorder in 28 obese children, and the PG, IRI, and CPR levels during the OGTT are shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2PG, IRI and CPR responses during an OGTT for groups A, B, C and D. PG, IRI and CPR levels were compared at each time point between the four groups by using the Mann-Whitney U test. Arrows indicate significant differences (p\<0.05). Open circles show maximum and minimum values.. The pattern of PG response in each group was similar, and each group showed hypersecretion of IRI and CPR. However, the patterns of IRI and CPR response differed in each group as follows: Group A's response peaked at 60 min and then decreased gradually until 120 min; Group B's response peaked at 60 min, remained at the peak until 120 min and then decreased gradually until 180 min; Group C's peaked at 120 min and then decreased gradually until 180 min; and Group D's peaked at 120 min and remained at the peak until 180 min.

Discussion {#s4}
==========

The differences of insulin levels between obese and healthy persons are greater in postprandial states than those in fasting states. Therefore, postprandial hyperinsulinemia is associated with disorders of obesity more than with fasting hyperinsulinemia. In regard to delayed superfluous insulin secretion in obese adults, Kawamori *et al.* reported that hyperglycemia and arteriosclerosis are mutually related to the quantity and pattern of insulin secretion in adulthood obesity. Furthermore, they concluded that an abnormal transient rise of the postprandial glucose level brought about the delayed superfluous insulin secretion, and that it was important to stop the vicious circle of the hyperglycemia obesity ([@r10]). The results of the present study suggest that postprandial hyperinsulinemia is related to metabolic disorders in obese children as well as in obese adults.

Delayed superfluous insulin secretion and impaired liver function
-----------------------------------------------------------------

A tendency for persistent superfluous insulin secretion was observed in obese children with impaired liver function. This is because the liver plays a major role in glucose metabolism: impairment of liver function might directly impact insulin secretion.

Abe *et al.* investigated the relation between ALT level upsurge and insulin resistance in obese children and concluded that the ALT level was superior to the fasting glucose level as an index of child metabolic syndrome ([@r11]). Moreover, Wasada *et al.* reported that fatty liver was associated with insulin resistance regardless of adipocytokine secretion ([@r12]). In addition, Semple *et al.* reported that patients with mutant insulin receptors in the liver had extreme delayed superfluous insulin secretion during an OGTT ([@r13]).

In glucose metabolism, the main role of the liver is glucose uptake by the hepatic portal vein during postprandial states and glucose discharge by gluconeogenesis during fasting states. Insulin reduces the liver's glucose discharge rate and increases its glucose uptake rate. In healthy children, but not obese children, gluconeogenesis is controlled by low-concentration insulin. However, when glucose is not taken into liver because of impaired liver function, redundant glucose is taken up across the plasma membranes of pancreatic beta cells by glucose transporter protein 2 (GLUT2). This vicious cycle eventually increases insulin secretion further.

In addition, overaccumulation of triglyceride in the liver produces fatty liver. Fatty liver prevents storage of glycogen and control of gluconeogenesis. Thus, the rate of hepatic glucose uptake is decreased by impaired liver function. Also, due to decreases in insulin sensitivity in the liver, gluconeogenesis is not suppressed. These phenomena prevent a drop in PG level and cause persistent hyperglycemia. Furthermore, persistent hyperglycemia brings about continuation of insulin secretion and this results in hyperinsulinemia. Therefore, as shown in this study, superfluous insulin secretion might continue, and the insulin level might fluctuate at a high value near the maximal peak.

Delayed superfluous insulin secretion and dyslipidemia
------------------------------------------------------

In obese children with dyslipidemia, the peak insulin response to glucose loading tended to be delayed. Dyslipidemia is associated with impaired insulin secretion, and the impairment of early insulin response contributes to postprandial hyperglycemia. Therefore, because the hyperglycemia is caused by the impairment of early insulin response, superfluous insulin-secretion occurs, and delayed superfluous insulin secretion arises in obese children with dyslipidemia.

Yamada *et al.* reported on the relationship between dyslipidemia and PG and insulin levels during an OGTT in many obese adults. Subjects with dyslipidemia had delayed maximal peaks of PG and insulin levels, respectively, and the levels of PG and insulin fluctuated at significantly high values compared with those of subjects without dyslipidemia ([@r14]). Boden *et al.* reported that in healthy adults, persistent hypersecretion of insulin compensated for fat infusion-induced insulin resistance within approximately 24 h ([@r15]). Tushuizen *et al.* reported that pancreatic lipid content might contribute to the dysfunction of pancreatic beta cells and possibly to the subsequent development of type 2 diabetes in susceptible adults ([@r16]).

When insulin action is reduced by insulin resistance, the discharge of free fatty acids (FFA) from adipose tissue increases, and very low-density lipoprotein (VLDL) catabolism or chylomicron catabolism is impaired. Moreover, since production of VLDL in the liver increases, low-density lipoprotein (LDL) production also increases. In addition, a reduction in insulin action brings about a compensatory increase in insulin secretion, and promotes hyperinsulinemia. Superfluous insulin secretion leads to dyslipidemia by inhibiting hormone-sensitive lipase (HSL), which disassembles neutral fat, or by increasing glucose uptake from GLUT4 on adipose cells. Persistent dyslipidemia leads to fat accumulation on hepatic cells or pancreatic beta cells. As a result, these vicious cycles are formed ([@r17], [@r18]).

In our study, the results showed a remarkable tendency in Group D for delayed superfluous insulin secretion. At 180 min, superfluous insulin secretion was still occurring in Group D compared with Group C. In Group D, the subjects were hyperglycemic due to both impairment of the early insulin response caused by dyslipidemia and uncontrolled gluconeogenesis caused by impaired liver function. Their superfluous insulin secretion continued at 180 min in order to compensate for these hyperglycemic responses. Thus, Group D showed delayed insulin secretion compared with Group C.

As already reported in a number of studies on adulthood obesity, postprandial hyperinsulinemia is related to arteriosclerosis and dyslipidemia, and each of these metabolic disorders of obesity worsens the other. Furthermore, these phenomena arise not only in adulthood, but can also arise in childhood ([@r19]). In the present study, we showed changes in the insulin secretion pattern of nondiabetic obese children, and the relation between insulin secretion pattern and metabolic disorders of obesity. Obese children with metabolic disorders showed delayed superfluous insulin secretion during the OGTT. Therefore, they might already have the same pathological condition as obese adults. However, because our study included only a small number of patients, further studies of OGTT with larger numbers of Japanese obese children are needed to confirm our findings.

Conclusion {#s5}
==========

Obese Japanese children will experience a vicious cycle of postprandial hyperinsulinemia and metabolic disorders. Therefore, it is important to prevent healthy children from becoming obese and to improve the management of childhood obesity.
